A simple model for the kinetics of two interacting interfaces moving at a prescribed rate is proposed. It is a kinetic generalization for problems like wetting, pinning, surfacesegregation or surface-reordering during solidification. Various types of nonequilibrium phase-transitions are predicted.
Introduction
Equilibrium phase transitions at coupled interfaces have recently received great attention [1] [2] [3] [4] [5] . Examples are the problem of wetting [1] , pinning [2] [3] [4] and surface induced disordering [5] . All these mechanismen are described in models where an internal interface between two-coexisting phases interacts with a stiff external surface or boundary. In the case of a fluid in contact with a solid, the coexisting phase is the fluid-gas interface and the solid is taken into account by an external potential. Another example is a semiinfinite ferromagnetic system, where the external boundary is the surface, while the internal interface separates a spin-down region near the surface from a spin-up region in the bulk. A simple phenomenological model for this situation was given in [5] . A similar problem is the phenomen of kinetic disordering [6] [7] [8] , where a two-component crystal with two identical sublattices grows from a completely disordered liquid. Close to the liquid side the solid is also expected to be disordered and its order increases continuously to the saturation value in the bulk. If the growth rate of the crystal exceeds some critical value the two component crystal becomes completely disordered [7] . The observation of this phenomen was first made by a computer simulation [6] .
In a recent letter [9] we have presented a simple phenomenological model for the growing crystal, based on a time-dependent Ginzburg-Landau approach. This model is an extension of the work in [5] to include nonequilibrium states. We found that stationary solutions of the growing crystal exist only below a critical growth rate. Approaching that critical value from below the order-disorder interface in the solid region decouples from the liquid-solid interface which means that the solid becomes completely disordered. These new types of nonequilibrium phase transitions were found to be of second or first order, depending on the phase diagrams and spatially inhomogenous kinetics of the system. It is the purpose of the present article to give the full derivation of the results presented in [9] . In addition we give a more explicit treatment for the case of inhomogeneous kinetics inside the solid region, with high mobility near the solid-liquid interface and low mobility further in the bulk of the crystal. In the next chapter we introduce our model, based on a time-dependent Ginzburg-Landau approach. In Chaps. 3 and 4 the equations of motion for the order-parameter profile are solved explicitely for metastable and unstable disordered solid phases respectively. Finally in the last chapter we extend our model to describe a situation where the mobility of the crystal is drastically reduced in a region further away from the solid liquid interface. Furthermore this latter treatment may be extended in a straightforward way to include spatial inhomogeneity of the free-energy, in order to account for additional surface-effects.
Time Dependent Ginzburg-Landau Model
We consider a two component crystal with two identical sublattices in contact with a completely x///////~ disordered liquid phase. In our geometry the liquid phase covers the semiinfinite region z<0, while the solid is covering the half-space z>0, z being the spatial coordinate normal to the solid-liquid interface. The solid is described by some order parameter M, depending on the distance z from the solid liquid interface. Inside the solid, close to the solid-liquid interface, the solid is assumed to be also disordered (M = 0). Its order increases around z = z o towards the saturation value (M=I) at z~o% Fig. 1 . In the equilibrium case this is essentially the model proposed in [5] . Here we have chosen the slightly simpler boundary condition M(z=0)=0 compared with [5] , since in our case the disordered liquid directly serves as the nutrient phase. An extension, however, will be given in Sect. 5. Now we assume that the crystal is growing and the solid-liquid interface at z=0 is moving at constant rate V to the left. As an explicit model for the growing crystal we take a time dependent GinzburgLandau approach. Then in the moving coordinate system the equation of motion for the order parameter M is
where ~c is a mobility (to be discussed later), the zero on the left hand side denotes stationarity and the Vterm represents the transformation to the moving coordinate frame z. F is a Ginzburg-Landau free energy =M o is discontinous -we have to require con-OM tinuity for M(z) and ~zz at z 0 as internal matching conditions. Finally we remark that under the transformation M~x (2.6 a) z ~-z (2.6b)
